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(54) Power control circuit for a bicycle electromotive unit 

(57) A power control circuit (4) having an input for 
receiving power from a power source and an output for 
driving a bicycle electromotive unit (3) comprises a stor- 
age unit (1 0); aflrst switching element (11) disposed be- 
tween the storage unit (10) and the output; a voltage 
sensor that senses a voltage associated with the stor- 
age unit (1 0); and a switch control circuit (13) operatively 
coupled to the voltage sensor and to the first switching 
element (11) to disable the communication of power to 
the output when the voltage associated with the storage 
unit (1 0) Is less than a first reference voltage and to en- 
able the communication of powerto the output when the 
voltage associated with the storage unit (10) is greater 
than the first reference voltage. After the switch control 
circuit (13) enables the communication of power to the 
output, the switch control circuit (13) may maintain the 
communication of powerto the output when the voltage 
associated with the storage unit (1 0) falls below the first 
reference voltage and is above a second reference volt- 
age. A second switching element (1 2) may be disposed 
between the input and the storage unit (1 0), wherein the 
switch control circuit (13) is operatively coupled to the 
second switching element to (12) enable the communi- 
cation of power to the storage unit (1 0) when the voltage 
associated with the storage unit (1 0) is less than the first 
reference voltage and to disable the communication of 
power to the storage unit (1 0) when the voltage associ- 
ated with the storage unit (1 0) is greater than a third ref- 
erence voltage. 




Fig. 1 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention is directed to bicycles 
and, more particularly, to a power control circuit for an 
el ctromotive unit used with the bicycle. 
[0002] Bicycles may be equipped with dynamos for 
nergizing headlights and other devices. Such conven- 
tional devices are disclosed in JP (Kol<ai) 5-238447 and 
2000-62523. In the first disclosed device, physical ex- 
ertion on the rider is reduced and headlight luminance 
is enhanced by sensing the temninal voltage of the bat- 
tery and controlling the field cun-ent of the dynamo in 
accordance with the sensed voltage. In the second dis- 
closed device, a charging capacitor is provided and 
lectric power is ted from the charging capacitor to the 
headlight when the dynamo generates too little electric 
power. 

r00031 The dynamo-powered equipment of current bl- 
cycl s includes not only headlights but also actuators 
for shifting electrically powered shifters, actuators for 
adjusting the damping force of an electrically powered 
suspension, indicator backlights for cycle computers, 
and the like. Such equipment will be refen-ed to herein 
as "electromotive units." Electromotive units begin op- 
rating unstably when the drive voltage drops below a 
specific level. In the particular example of a motor being 
used as an actuator, a reduction in the drive voltage re- 
duces the rotational speed of the motor and makes the 
motor incapable of operating at nomnal speed. Thus, the 
reduced drive voltage may cause an electrically pow- 
ered shifter to stop during shifting, may render the ac- 
tuator of an electrically powered suspension incapable 
of moving in the middle of operation, and may cause 
other problems. A reduced voltage may cause a micro- 
computer used for an electromotive unit to malfunction, 
and a reduced voltage may cause insufficient backlight- 
ing for a display screen of a cycle computer. With such 
conventional devices, it was impossible to address the 
aforementioned problems because actuators or the like 
were not considered to be loads (driven equipment). 

SUMMARY OF THE INVENTION 



[0004] According to a first aspect of the present Inven- 
tion there is provided a power control circuit as set out 
in Claim 1 . 

[0005] According to a second aspect of the present 
invention there is provided a bicycle device as set out 
in Claim 5. 

[0006] The present invention is directed to a power 
control circuit for a bicycle electromotive unit that helps 
to avoid malfunction of the electromotive unit and/or 
helps to avoid overcharging of a power storage device. 
In one embodiment of the present Invention, not to be 
limited th reto, a power control circuit having an input 
for receiving power from a pow r source and an output 



for driving a bicycle electromotive unit comprises a stor- 
age unit; afirst switching element disposed between the 
storage unit and the output; a voltage sensor that sens- 
es a voltage associated with the storage unit; and a 
5 switch control circuit operatively coupled to the voltage 
sensor and to the first switching element to disable the 
communication of power to the output when the voltage 
associated with the storage unit is less than a first ref- 
erence voltage and to enable the communication of 
10 power to the output when the voltage associated with 
the storage unit is greater than the first reference volt- 
age. If desired, after the switch control circuit enables 
the communication of power to the output, the switch 
control circuit may maintain the communication of power 
15 to the output when the voltage associated with the stor- 
age unit falls below the first reference voltage and is 
above a second reference voltage. Such a structure 
may provide a hysteresis effect to stabilize the switching 
operation if the switch control circuit enables the first 
20 switching element when the voltage associated with the 
storage unit laiis oeiow ine 5»ei>uiivj ioioia,.iww .-...-5^--. 
[0007] In another aspect of the present invention, not 
to be Hmited thereto, a second switching element is dis- 
posed between the input and the storage unit, wherein 
25 the switch control circuit is operatively coupled to the 
second switching element to enable the communication 
of power to the storage unit when the voltage associated 
with the storage unit is less than the first reference volt- 
age and to disable the communication of power to the 
30 storage unit when the voltage associated with the stor- 
age unit is greater than a third reference voltage. This 
helps to avoid the storage unit from being overcharged 
or otherwise contribute to the malfunction of the electro- 
motive unit from excessive voltage. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

40 Fig. 1 is a schematic diagram of a particular embod- 
iment of a power control circuit according to the 
present invention; and 

Fig. 2 is a flow chart illustrating the operation of the 
circuit shown in Fig. 1. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0009] Fig. 1 is a schematic diagram of a particular 
embodiment of a bicycle device according to the present 
50 invention. The device comprises a dynamo (generator) 
1, a rectifying circuit 2, an electromotive unit 3, and a 
power control circuit 4 disposed between the rectifying 
circuit 2 and the electromotive unit 3. The dynamo 1 may 
be, for example, a hub dynamo mounted inside the front- 
55 wheel hub of a bicycle. The rectifying circuit 2 is de- 
signed to rectify the AC voltage output of the dynamo 1 
and may comprise diode bridge circuits, smoothing ca- 
pacitors, and the like. The electromotive unit 3 may be 



45 



SDOCID: <EP 1216916A2_L> 



2 



I 



EP 1 216 916 A2 



3 

an actuator for a headlight, an electrically powered shift- 
er, an electrically powered suspension, a cycle compu- 
ter, and so on, and it is controllably driven by the power 
control circuit 4. 

[0010] The power control circuit 4 comprises a stor- 
age unit in the fomn of a charging capacitor 10, a first 
switching element 11 disposed between the charging 
capacitor 10 and the output to electromotive unit 3, a 
second switching element 12 disposed at the input be- 
tween the rectifying circuit 2 and the charging capacitor 
10, and a control circuit 13 (voltage sensor) whose func- 
tion is to sense the charging voltage. Using a capacitor 
for the storage unit provides for higher durability than a 
battery, and the device can last for ten years or more, 
which ordinarily exceeds the normal service life of the 
electromotive unit 3. In this embodiment, first switching 
element 1 1 and second switching element 1 2 each com- 
prise a field-effect transistor that is closed (enabled) 
when the voltage applied to the gate terminal is high (H) 
and opened (disabled) when the voltage is low (L). The 
use of transistors for the switching elements allows the 
circuit to be made smaller and more lightweight, pro- 
vides for a longer circuit life, and allows high speed 
switching. The control circuit 13 comprises first and sec- 
ond comparators 15 and 16, a reference voltage gener- 
ating circuit 1 7 for applying reference voltages to the 
comparators 15 and 1 6, an inverter 1 8 connected in se- 
ries with the output terminal of the first comparator 15, 
and a buffer 19 connected in series with the output ter- 
minal of the second comparator 16. 
[0011] A charging voltage Vc is applied to the minus 
temiinals of the first and second comparators 1 5 and 
16, and the reference voltages from the reference volt- 
age generating circuit 17 are applied to the plus termi- 
nals of the first and second comparators 1 5 and 1 6. The 
reference voltage generating circuit 1 7 initially applies 
a first reference voltage to the first comparator 15, 
and then applies a second reference voltage Vl below 
the first reference voltage Vh once the charging voltage 
Vc exceeds the first reference voltage V^. The refer- 
ence voltage generating circuit 1 7 also applies a third 
reference voltage V^h* which is even higher than the 
first reference voltage Vh, to the second comparator 1 6. 
[0012] The operation of the circuit thus configured will 
now be described with reference to the flowchart shown 
in Fig. 2. The flowchart shown In Fig. 2 is designed to 
illustrate circuit operation and is not intended to describe 
the control procedure performed by the programming. 
The voltage Vc to which the charging capacitor 1 0 is 
charged Is constantly applied to the minus terminals of 
the first and second comparators 15 and 16, and the 
charging voltage Vq is compared with the reference volt- 
ages Vh (VJ and V^h- 

[0013] Steps SI and S2 In Fig. 2 are perfonmed when 
the charging voltage Vq decreases below the first refer- 
ence voltage Vh, such as when the system has been 
discharged by b ing allowed to stand for a long time, a 
heavy load has been driven, or the like. When that hap- 



pens, the output of the first comparator 1 5 rises to a high 
level (hereinafter referred to as "H"), the resulting H sig- 
nal is inverted by the inverter 1 8 to produce a low level • 
(hereinafter referred to as "L"), and the L signal is ap- 

5 plied to the gate of the first switching element 11 . The 
first switching element 11 is thereby opened, thus pre- 
venting the charging voltage from being applied to the 
electromotive unit 3. In other words, first switching ele- 
ment 11 and electromotive unit 3 are disabled. 

10 [0014] Meanwhile, a third reference voltage Vhh. 
which is greater than the first reference voltage Vh, is 
applied to the plus terminal of the second comparator 
1 6. The second comparator 1 6 outputs an H signal since 
the charging voltage Vq is less than the first reference 

15 voltage Vh, and the H signal is applied to the gate of the 
second switching element 12 via the buffer 19. As a re- 
sult, second switching element 12 is closed so that 
charging capacitor 1 0 is charged by the dynamo 1 . 
[0015] Steps S1 and S3 are performed when the 

20 charging capacitor 10 is subsequently charged and the 
charging voltage Vc exceeds the first reference voltage 
Vh- When that happens, the charging voltage Vc applied 
to the minus temilnal of the first comparator 1 5 exceeds 
the first reference voltage Vh, so first comparatorl 5 out- 

25 puts an L signal. The inverter 18 inverts the L signal, 
and the resulting H signal is applied to the gate of the 
first switching element 11. The first switching element 
11 closes so that the charging voltage can be applied to 
the electromotive unit 3. In other words, the operation 

30 of first switching element 1 1 and electromotive unit 3 are 
enabled. 

[0016] Meanwhile, the voltage Vc is compared with 
the third reference voltage Vhh by the second compa- 
rator 16, and second comparator 1 6 continues to output 

35 an H signal until the third reference voltage Vhh ex- 
ceeded. Thus, switching element 1 2 remains closed and 
charging capacitor 10 continues to be charged until the 
third reference voltage Vhh is exceeded. 
[0017] After the charging voltage Vc exceeds the first 

40 reference voltage Vh, reference voltage generating cir- 
cuit 1 7 applies the second reference voltage V|_ to the 
plustemriinal of the first comparator 15, wherein the sec- 
ond reference voltage V^ is less than the first reference 
voltage Vh- Steps S4 and S5 are perfomned when the 

45 charging voltage Vc decreases below the second refer- 
ence voltage Vl- When that happens, first comparator 
15 outputs an H signal, this signal is Inverted by the in- 
verter 1 8 to produce an L signal, and the L signal is ap- 
plied to the gate of the first switching element 1 1 . Con- 

50 sequently, the first switching element 11 is opened, and 
the first switching element 11 and electromotive unit 3 
are again disabled. It should be readily apparent that 
this changing of the reference voltages provides a hys- 
teresis effect to stabilize the switching operation. 

55 [0018] It may be desirable to configure lectromotive 
unit 3 such that the equipment on the side of the elec- 
tromotive unit 3 is controlled before the supply of electric 
power to the el ctromotive unit 3 is stopped. In the case 
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of an electrically powered shifter, for example, the sup- 
ply of electric power may be stopped after the shifter has 
been moved to the easiest speed step. It may be desir- 
able in such a case to monitor the charging voltage on 
the side of the electromotive unit 3 and to estimate the 
control procedures to be undertaken on the side of the 
power control circuit 4. 

[0019] Steps S6 and S7 are perfomried when the 
charging voltage exceeds the third reference voltage 
Vni_,. As noted previously, the third reference voltage 
V^H is greater than the first reference voltage Vh- Be- 
cause in this case the charging voltage Vq applied to 
the first comparator 15 exceeds the first reference volt- 
age Vh, first comparator 1 5 outputs an L signal, this sig- 
nal is inverted by the inverter 1 8 to an H signal, and the 
H signal Is applied to the gate of the first switching ele- 
ment 1 1 . The first switching elementi 1 closes, thus en- 
abling the operation of the electromotive unit 3. Mean- 
while, the charging voltage applied to the minus ter- 
minal in the second comparator 1 6 is greater than the 
third reference voltage V^hi so second comparator 16 
outputs an L signal. The second switching element 12 
opens, thus stopping the charging of the charging ca- 
pacitor 1 0. 

[0020] In the foregoing embodiment, the supply of 
electric power to the electromotive unit 3 is stopped and 
the electromotive unit 3 Is disabled until the charging 
voltage Vq exceeds the first reference voltage (e.g., 
6V) thus making It possible to prevent the electromotive 
unit 3 from operating in an unstable manner. Any insta- 
bility affecting the closing and opening control of the first 
switching element 11 can be prevented by adopting a 
hysteresis arrangement described above in which a 
s cond reference voltage Vl (e.g., 4.5V) below the first 
reference voltage Vh is used as a threshold to control 
the supply of electric power to the electromotive unit 3 
after the operation of the electromotive unit 3 has been 
enabled. Furthemriore, stopping the charging process 
once the charging voltage V^ exceeds the third refer- 
nce voltage V^h makes it possible to prevent exces- 
sive electric power from being fed to the electromotive 
unit 3 and allows the electromotive unit 3 to operate In 
a stable manner. The charging capacitor 10 can be pro- 
tected by selecting the desired setting for the third ref- 
erence voltage. 

[0021] While the above Is a description of an embod- 
iment of the present invention, further modifications may 
be employed without departing from the scope of the 
present invention. For example, the size, shape, loca- 
tion or orientation of the various components may be 
changed as desired. Components that are shown direct- 
ly connected or contacting each other may have inter- 
mediate structures disposed between them. Although 
the above embodiment was described with reference to 
a case in which the first switching element 11 was pro- 
vided separately from the electromotive unit 3, it is also 
possible to adopt an arrangement In which the first 
switching element is incorporated into the electromotive 



6 

unit 3. In such a case, the signal line of the first compa- 
rator 15 may be connected to the electromotive unit 3 
In addition to the power line. Although the above em- 
bodiment was described with reference to a case in 

5 which the power control circuit was an analog circuit, it 
is also possible to adopt an arrangement in which a mi- 
crocomputer is used to perfonn the control procedures. 
Software may be substituted for hardware. Voltage may 
be indirectly sensed by measuring resistance or current 

10 according to Ohm's law. The functions of one element 
may be perfomned by two or more, and vice versa. It is - 
not necessary for all advantages to be present in a par- 
ticular embodiment at the same time. Every feature 
which is unique from the prior art, alone or in combina- 

15 tion with other features, also should be considered a 
separate description of further inventions by the appli- 
cant, including the structural and/or functional concepts 
embodied by such feature(s). Thus, the scope of the in- 
vention should not be limited by the specific structures 

20 disclosed or the apparent initial focus on a particular 
strucLijre or feature. 

Claims 

25 

1 . A power control circuit (4) having an input for receiv- 
ing power from a power source and an output for 
driving a bicycle electromotive unit (3) comprising: 

30 a storage unit (1 0); 

a first switching element (1 1 ) disposed between 
the storage unit (10) and the output; 
a voltage sensor that senses a voltage associ- 
ated with the storage unit (10); and 
35 a switch control circuit (1 3) operatively coupled 

to the voltage sensor and to the first switching 
element (11) to disable the communication of 
power to the output when the voltage associat- 
ed with the storage unit (10) is less than a first 
40 reference voltage and to enable the communi- 

cation of power to the output when the voltage 
associated with the storage unit (10) is greater 
than the first reference voltage. 

45 2. The circuit according to claim 1 further comprising 
a second switching element (1 2) disposed between 
the input and the storage unit (10), wherein the 
switch control circuit (13) is operatively coupled to 
the second switching element (12) to enable the 

so communication of power to the storage unit (10) 
when the voltage associated with the storage unit 
(10) is less than the first reference voltage and to 
disable the communication of power to the storage 
unit (10) when the voltage associated with the stor- 

55 age unit (10) is greater than a third reference volt- 
age. 

3. The circuit according to either preceding claim 
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wherein, after the switch control circuit (13) enables 
the communication of power to the output, the 
switch control circuit (13) maintains the communi- 
cation of power to the output when the voltage as- 
sociated with the storage unit (10) falls below the 
first reference voltage and is above a second refer- 
ence voltage. 

4. The circuit according to claim 3 wherein the switch 
control circuit (13) disables the communication of 
power to the output when the voltage associated 
with the storage unit (1 0) falls below the second ref- 
erence voltage. 

5. A bicycle device comprising: 

a dynamo (1 ); 

an electromotive unit (3); 

a power control circuit (4) comprising: 

a storage unit (10) operatively coupled to 
the dynamo (1); 

a first switching element (11) disposed be- 
tween the storage unit (10) and the elec- 
tromotive unit (3); 

a voltage sensor that senses a voltage as- 
sociated with the storage unit (10); and 
a switch control circuit (1 3) operatively cou- 
pled to the voltage sensor and to the first 
switching element (11) to disable the com- 
munication of power to the electromotive 
unit (3) when the voltage associated with 
the storage unit (1 0) is less than a first ref- 
erence voltage and to enable the commu- 
nication of power to the electromotive unit 
(3) when the voltage associated with the 
storage unit (1 0) is greaterthan the first ref- 
erence voltage. 

6. The circuit according to claim 5 further comprising 
a second switching element (1 2) disposed between 
the dynamo (1) and the storage unit (10), wherein 
the switch control circuit (13) is operatively coupled 
to the second switching element (12) to enable the 
communication of power to the storage unit (10) 
when the voltage associated with the storage unit 
(1 0) is less than the first reference voltage and to 
disable the communication of power to the storage 
unit (1 0) when the voltage associated with the stor- 
age unit (1 0) is greater than a third reference volt- 
age. 

7. The circuit according to claim 6 or claim 6 wherein, 
after the switch control circuit (13) enables the com- 
munication of power to the electromotive unit (3), 
the switch control circuit (13) maintains the commu- 
nication of power to the electromotive unit (3) wh n 
the voltage associated with the storage unit (10) 
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fails below the first reference voltage and is above 
a second reference voltage. 

8. The circuit according to claim 7 wherein the switch 
control circuit (13) disables the communication of 
powerto the electromotive unit (3) when the voltage 
associated with the storage unit (10) falls below the 
second reference voltage. 

9. The circuit according to any preceding claim where- 
in the storage unit (10) comprises a capacitance. 

10. The circuit according to any preceding claim where- 
in the first switching element (11 ) comprises a tran- 
sistor. 

1 1 . The circuit according to any preceding claim where- 
in the second switching element (12) comprises a 
transistor. 



JSDOCID: <EP 12l69ieA2_L> 



5 



EP1 216 916 A2 




'JDOClZr <EP 121691 6A2J_> 



6 



EP1 216 916 A2 



c 



Start 




S3 



SWI Open (Disabled) 
SW2 Closed (Charging) 



SWI Closed (Enabled) 
SW2 Closed (Chayging) 




Yds 



1 



SWI Open (Disabled) 
S W2 Closed ( Charging) 

{ "~ 



No 



S7 



S6 




-<:;;^vo>vmm^^ 




Yes 


SWICloscd (Enabled) 




8W2 Open (DisabiecO 




1 


1 



Fig 



